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(54) Syctom for reducing Ice mass on an aircraft engine 



(57) A system is provided for reducing ice mass on 
an aircraft engine. A compressor inlet temperature and 



pressure sensor (100) measures total temperature and 
total pressure at the inlet to the engine compressor An 
ice shield (112) is provided, wherein a piuraiiT/ of wedge 
portions (114) has multiple protrusions tor promoting ice 
formation (116) in multiple locations. The Ice shield (112) 
is separable from the sensor (100) with which it interfac- 
es. The ice shield (112) comprises stiaighi angle wedge 
shapes (1 20) and curved surfaces (118) to separate and 
minimise ice accrelton in desired locations. The mass 
of each resultant ice formation (1 1 6) is reduced to a size 
that the compressor Inlet blades can withstand without 
deformation. 




WSDOCIO: <SP_C»3S8(MA2J_> 



Printed by JouvB, 7G001 PU9S (PR) 



03/03 '03 16:^3 rAA (jiiAiUi^iS jbAwAiiAu bAj.OA ^ArUiS .^jU^^/U^k^ 



EP0835804 A2 



Description 

The present invention relates, in general to jet air- 
craft engines and, naore particularly, to a ayetom for re- 
ducing Ice mass on such engines. ^ 

In aircraft engines, such ae the General Electric 
GE90 engine, a compressor Inlet temperature sensor 
(T26) is used to measure both total temperature and to- 
tal pressure at ihe inlet to the compressor. The inlet tem- 
perature is critical Tor establishing the variable geometry to 
of the stators in the compressor. 

During icing testing on the GE90 engine, it was de- 
temtined that The compressor inlet temperature sensor 
built up or accreted Ice. The size of the ice accumulated 
is important to the first stage blades of the compressor, is 
The release of this accumulated Ice causes non-serv- 
iceable dannage to the compressor blades. 

The location of the ice accretion on the sensor with 
respect to the trajectory into the blades is also impoftant 
Release of this Ice as a single piece or release of the 
"upper' or strut part of the ice can cause major damage 
to the compressor blades. 

The present invention seeks to optimize engine per- 
formance by reducing the largest single ice mass that 
can accumulate on the compressor inlet tempenature ^ 
sensor which measures total temperature and total 
pressure at the inlet to the oompressot The present in- 
vention seeks to reduce the amount of Ice accretion on 
U^e strut of the sensor and ihe amount of ice accretion 
on the sensing element or airtoO portion of the sensor. 30 
The present invention is adaptable for use with any suit- 
able aircraft engine. 

According to the present invention, there is provid- 
ed a system tor reducing ice mass on an aircraft engine 
having an engine compressor, the system comprising: 35 
acomprossor inlet temperature and pressure sensor for 
measuring total temperature and total pressure al an in- 
let to the engine compressor a plurality of wedge por- 
tlons having multiple protrusions for promoting Ice for- 
mation; mounting means for mounting the plurality of ^ 
wedge portbns to the sensor. 

The ice shield may be separable from the sensor 
with which it interfaces. The plurality of wedge portions 
may comprise straight angle wedge shapes and cunred 
surfaces to separate and minimize ice accretbn in de- ^ 
sired locations. The mass of each resultant ice formalion 
can be reduced to a size that the compressor inlet 
blades can withstand without deformation. 

The invention will now be described in greater de- 
tail, by way of example, with reference to the drawings so 
In which: 

Fig. 1 is a side elevational view ot a prior art inter- • 
compressor temperature and pressure probe 
mounted through a fragmentary section view of a ss 
compressor case; 

Fig. 2 is a diagrammatic section taken along line 2-2 
of Fig. 1 illustrating typical lateral extent of ice for- 



mation; 

Fig. 3 is a side elevational view of the probe of Fig. 
1 fitted with a preferred embodiment of an ice shield, 
in accordance with the present invention; 
Fig. 4 is a side elevation view of the ice shield of 
Fig. 3; 

Fig. 5 is a front elevation view of the ice shield of 
Fig. 3; 

Fig. 6 is a distal end view of the ice shield of Fig. 3; 
Rg. 7 is a section view without background taken 
along line 7-7 of Fig. 4; 

' Fig. 8 is a S8ctk)n view without background taken 
along line 8-8 of Fig. 4; 

Fig. 9 is a section view wthout background taken 
along line 9-9 of Fig. 4; 

Fig. 10 is a section view taken along line 10-10 of 
Fig. 8; 

Fig. 11 is a bottom view of a metal spacer plate used 

in a vibration damping mounting assembly, in ac- 

corxiancG with the present Invention; 

Fig. 12 is a bonom view of a first mbber pad used 

in the vibration damping mounting assembly; 

Fig. 1 3 is a second rubber pad used In the vibration 

damping mount assembly; and 

Fig, 1 4 is a section view taken through a pair of kDn- 

glludfnally disposed mounting bolts associated with 

the vibration damping mount assembly. 

Referring to the drawings, in Fig. 1 there is illustrat- 
ed a side elevational view of a prior art Intercompressor 
temperature and pressure probe 100. The probe 100 Is 
mounted through a fragmentary eectkyi view of a com- 
pressor case 102, between a low pressure compressor 
of an aircraft engine and a high pressure compressor of 
an aircraft engine. Air flow is from left to right of Fig. 1, 
In the directbn of arrow 104. Ice buildup 106 is depicted 
on the leading edge of the probe 100. The probe further 
comprises pressure port 108, and a complex sensing 
device 110 for measuring fluki temperature. 

When the aircraft Is flying at Its desired altitude and 
speed, the low pressure compressor supplies sufficient 
hot air to prevent the formation of ice 106. However, 
when the aircraft is descending, the engine speed is ob- 
vbusly decreasing. The low pressure compressor no 
longer supplies sufficient hot air to prevent the formation 
and buildup of Ice 108. Hence, ice 108 typically fonms 
during throttle back descent 

Fig. 2 is a diagranrunatic section taken along line 2-2 
of Fig. 1 illustrating typical lateral extent of ice 106 for- 
mattoa The Ice 106 Is typically a solid, crystafline for- 
mation» which grows out laterally, at an approximately 
45' angle. Tliis icg eventually breaks off probe 100 and 
travels Ihrougti the downstream, high pressure com- 
pressor. The volume or Ice is large enough to cause 
damage to the downstream compressor blades. 

Referring now to Fig. 3. the present invention com- 
prises an ice shield 112, as a separable element that 
when hstalled, becomes integral to the existing com- 
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pressor inlet tomperature and pressure sensor 100. Fig. 
3 is a side elevational view of the probe 100 of Fig. 1, 
fitted with a preferred embodimeni of ice sinjcid 112. 
Rge. 4, 5 and 6 are side elevation, front elevation and 
distal end views, respectivoly, of the ice shield 112 of 
Rg. 3. The ice shield 112 preferably comprises disasso- 
ciated features, or wedge shapes 114, which promote 
ice formation In multiple iocations. The disassociated 
features have the advantage of causing smaller ice for- 
nnations 116 that do not contain enough mass upon 
break off to damage the downstream compressor. 

Fig. 7 is a section view without background taken 
along line 7-7 of Fig. 4. and Fig. 8 Is a section view with- 
out background taken along line 8-8 of Rg. 4. The for- 
ward portk^n of the wedge is formed by straight sides 
118 for a distance x. This promotes \cq fonnalion 116 
only at point 120 of the wedge, rather than ateng both 
entire sides 118. This ice formation builds out triangu- 
larly because sides 118 are straight lines. If, for exam- 
ple, sWes 118 comprise d ooncave lines , the ice would 
form at the tqf> 1 20 and also at the cun/accous surfaces 
along sides 118. The distance as measured along x (s 
not sufficient to promote separate ice formations and 
would also lead to a more abrupt transition angle as 
measured along the cuive. This abrupt transition forces 
an increasing change in static pressure, allowing ice to 
f omi. The aspect ratio of the wedge section of Rg. 7, as 
detenmined by the dimensions y/z, is not sufficient for 
the wedge to Incorporate a curved transition. This, of 
course, would result in much larger ice formations, rnore 
securely attached to the wedge. Hence, when those ice 
formations did break off, they would, in fact, be largo 
enough to cause damage to the downstream compres- 
sor. Pr onrvoting ic e buildup 116 lust at the tip 120, also 
p romoiesT^remaxure ice break off, and ice break off of 
smaller mass. The gBometry of the tnventbn and the 
need to keep the wedge point 120 axially (as measured 
with respect to the flow stream 104 In Fig. 1 ) separated 
from the wedge point 122 Is the reason the Included an- 
gle at polht 120 Is preferably greater than 15*. The 15" 
angle is one optimum angle to entice the ice buildup to 
shed or release fn3m the wedge. However, ice buildup 
per unit length of wedge appears to be equivalent for 
any sharp angle between 15^ and 45°. 

In Fig. 8, the fonward portion of the wedge is again 
formed by straight sides for a distance x, followed by 
curvaceous surfaces 1 24 that promotes a secondary ice 
formation 1 32 near the trailing edge of the pan. The as- 
pect ratio y/? for this wedge is optimized such that the 
ice accretion on point 122 Is distinct and separate from 
the smaller Ice masses built up on surfaces 124. in a 
preferred embodiment, the point 1 22 Incorporates an in- 
cluded angle of 15"* which will allow the ico buildup to 
shed underaerodynamic and vibratory forces. LlKewise, 
the wedge sliape shown in Fig. 9 rests directly in front 
of the temperature sensing device 110 of Fig. 1 and in- 
corporates both the straight line x value and the aspect 
ratto y/z to collect ice on point 126, but not on sides 1 26. 



The ice fomiations 116 and 132 are the result of the 
relatively sharp point and geometry of the wedge 114 
and the aerodynamic force imparted to the Ice on each 
side of the wedge. These aerodynamic forces will cause 

5 ihc ice on each side of the wedge to fracture at the point 
of the wedge where the ice has connected Itself, but in 
much smaller individual nnassesthan at tip 1 22. The 15** 
Included angle at point 1 22 and the relatively sharp point 
at the tip 122 both cause the base of the attached ice 

10 mass 116 to be small. This base of the ice mass 11 6 is 
nol wide enough tohokJ the tee against the aerodynamic 
forces and therefore releases. The largest single piece 
of ice that can strike the compressor blade from this area 
is much reduced. This allows the k:e to move through 

IS the downstream compressor without damaging the 
compressor blades. 

Continuing with Figs. 3-9. the ice shield 11 2 of the 
present Invention reduces the size of the single largest 
be mass that can form on any portion of the ice shield 

20 or sensor combination. Furthermore, the ice shield 112 
of the present Invention reduces the total ice that ac- 
cretes. The geometry of the wedge, as illustrated in Figs. 
3-9, is such as to albw for less ice per axial length to 
form. This is due to the flow streamlines and minimized 

2S stagnation areas. Where the entrained water in the in' 
coming air passes by the point of the wedge and starts 
to follow the streamline down the side of the wedge is 
where the ico will begin to accumulate. It then accretes 
outward from the wedge and forward to the point of the 

30 wedge to connect itself with the ice accreting on the op- 
posite aide of the wedge. When the wedge total included 
angle is small enough, approK'tnrtately 15*", the aerody- 
namic force acting on the growing ice piece is large 
enough, and the foothold or base of the tee is small 
* 3S enough, to force the ice to release before the ice mass 
becomes too large. This phenomenon further helps to 
reduce the largest physical size of a single ice piece that 
can be released from the probe lOO and the ice shield 
112 and impact Ihe compressor blades. 

40 The ice shIekJ is designed as a separate parr to al- 
low a sharper and longer wedge to be installed through 
an original, existing, smalt aperture in the fan frame hub 
Structure, and inserted Into the flow stream. A sharper 
and more effective wedge is achievable with the sepa- 

4S rate ice shield 1 1 2 than if the wedge were made integral 
to the probe 100. 

The design of the unique and separate wedge areas 
Is such as to equalize the individual ice masses. The ice 
masses depteted by ice buildups 116 and 106 in Fig. 3 

so are all approximately the same size. The ice buildup 1 32 
in Fig. 3 is slightly srr^ller. This characteristic is duo to 
the unique shape, tocatbn, and orientations of the 
wedge shapes 114. 

The ice shield incorporates keys 136 in Fig. 8 that 

S5 fit into keyways 138 on the modified sensor 110, as 
shown in Fig. 3. These keys help support the ice shield 
and prevent and arrest any twisting moment that may 
tend to occur on ihe wedges due to the air flow 104 in 
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Fig.1. 

Fig. 10 shows rubber bumper 134 installed into the 
ice shield at section 8-8 of Fig. 4and also shown in cross 
sectbn in Fig. fi. This bumper 134 is bonded to the ice 
shield and is squeezed or compressed when probe 100 
ot Fig. 3 is inserted into ice shield 112 In Fig. 3. This 
compression serves to reduce the overall vibration am- 
plification of shield 112 in conjunction with and relative 
lo probe 100. The compression also serves to preload 
keys 1 36 into keyways 1 38 to reduce relative motion and 
possible wear 

The mounting of ice shield 11 2 Into tan frame aper- 
ture 102 with the sensor 100 installed into the shield is 
shown m Fig. 1 4. The top and bottom rubber pads 1 40 
and 1 42, are chemically bonded to the shield 11 2 and a 
metal spacer 144 is bonded to rubber pad 142 to form 
an assembly. Metal washem 146, one at each of tour 
bolls, are not bonded to shield 112 and are left loose to 
float Of nwe. The top mbber pasi 140 incorporaies a 
smaller hole than the bottom pad 1 42 and serves to con- 
tain or capture washers 1 46 so they are retained as part 
of the final and complete Ice shield assembly 

To mount the ice shield to the engine, shield 112 is 
inserted first through the fan frame 102. Next, sensor 
100 Is inserted into shield 112 and retaining means, 
such as boHs 148, are inserted through sensor 100 and 
washers 146 and through metal spacer 144. to screw 
into fan frame 102. When bolts 148 are tightened, the 
rubber pads 140 and 142 are compressed with tlio 
amount of compression controlled by the height of 
washers 146 and the step cut on such washers, at their 
lop. Sensor 100 finally comes to rest on metal spacer 
144, which rests on fan frame 102. Rubber pads 140 
and 142 provide vibration damping while washers 146 
and spacer 144 provide for clamping of the sensor to 
the fan frame 102. This clamping becomes a metal to 
metal clamp and therefore prevents screws 148 from 
t}acklng out 

While prefen-ed embodiments of the present inven- 
tion have been shown and described herein, it will be 
obvious to those skilled in the art thai such embodiments 
are provided by way of example only Numerous varia- 
tions, changes, and substitutions will now occur to those 
skilled in the art without departing from the invention. 
For example, the ice shield design may incorporate a 
separable piece design and a mounting flange support. 
Furthermore, the style, size and shape of the wedge or 
wedges can differ greatly without departing from the 
scope of the inventton, as long as the wedge or wedges 
provide distinct and separate locations for the ice buiW- 
up, thus creating smaller masses of ice, as compared 
to the sensor akxie. Accordingly, it is intended thai the 
Invention be limited only tjy the scope of the appended 
claims. 



Claims 

1. A system for reducing Ice mass on an aircraft en- 
gine having an engma compressor, the system 

5 comprising: 

a compressor inlet temperature and pressure 
sensor (100) for measuring total temperature 
and total pressure at an inlet to the engine com- 
10 pressor; 

a plurafity of wedge portions (114) having mul- 
tiple protrusions (122) for promoting ice forma- 
tion (116); 

mounting means (144. 146) for mounting the 
IS plurality of wedge portions (1 1 4) to the sensor 

(100). 

2. A system as claimed in daim 1 wherein the plurality 
of wedge portions (114) having multiple protmeions 

20 promote ice formation (116) in multiple locations. 

3. A system as claimed in claim i or 2, wherein the 
plurality of wedge porttons (114) in unison with the 
sensor (100) promote growth of fee In masses (116) 
of similar size. 



25 
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4. A system as claimed in claim 1 , 2 or 3, wherein the 
compressor inlet temperature and pressure sensor 
(100) compnses compressor Inlet blades. 

5. A system as claimed in any preceding claBn, where- 
in the plurality of wedge portions (114) reduce the 
ice fonnation (116) to a size that the inlet blades of 
the engine compressor can withstand. 

6. A system as claimed in any preceding claim, where- 
in the plurality of wedge portions (114) comprise a 
straight angle tip (120) that extends outward into 
curved surtaces (118). 

7. A system as claimed in claim 6 wherein the straight 
angle tip (1 20) and cun/ed surtaces (118) separate 
and minimize ice accretion at desired locations. 



4$ 8. 



so 



A system as claimed in any preceding claim, where- 
in the mounting means (144, 146) further comprises 
vibratfon damping (140, 142). 
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(57) A system Is provided tor reducing ice mass on 
an aircraft engine. A compreseor inlet temperature and 
pressure sensor (100) measures total temperature and 
total pressure at the inlet to the engine compressor. An 
■■■ice^ieJd m 1 2^i s provided, wherein a plurality of wedge 
portions (114) hasmulilplG protrusions for pronx>H'ng ice 
formation (1 1 6) in multiple locations. The ice shield (112) 
is separable from the sensor (1 00) with which it interfac- 
es. The ice shield (112) comprises straight angle wedge 
shapes (1 20) and curved surfaces (1 1 6) to s^rate and 
minimize ice accretion in desired locations. The mass 
of each resultant ice tonnation (1 1 6) is reduced to a size 
that the compressor iniet blades can withstand without 
deformation. 
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